The effects of drought on Photosystem II (PSII) fluorescence and photosynthetic electron transport activities were analyzed in cotton. Water stress did not modify the amplitude of leaf variable fluorescence at room temperature in the presence of 343,4-dichlorophenyl)-1,1-dimethylurea (DCMU) nor at 77 K. It is therefore concluded that photon collection, their distribution between the two photosystems, and PSII photochemistry are unaffected by the stress. In droughted leaves at room temperature under low exciting light, the transitory maximum (F,) PFD, 300 ,mol quanta m-2s-' in case of cotton, 100 in case of Nerium oleander provided by a bank of metal halide lamps; in some experiments (Table IV) a higher PFD, 1200 ,umol quanta m-2s , was used for both species. Plants were watered twice daily and fertilized once weekly. They were submitted to water stress by withholding watering 6 weeks after germination in case of cotton and 4 months after propagation by cuttings in case of N. oleander. Drought was achieved in 8 d. Plants were rehydrated by rewatering the pots to field capacity. Measurements were performed on fully expanded leaves (the fourth to fifth leaves from the top).
During the past years, many workers have been interested in understanding how drought limits photosynthesis. Early experiments suggested that leaf CO2 uptake decline observed during water stress was mainly due to stomatal closure. However, technical improvements in the analysis showed that nonstomatal component of leaf photosynthesis was also damaged during dehydration (for review, see [7] ). Nonstomatal effects of water stress are well documented, particularly the effects on photosynthetic photosystems have been studied; Nir and Poljakoff-Mayber (21) and other workers (4, 10, 17, 27) have shown an inhibition of photosynthetic electron chain activity on plants subjected to drought. The activity was measured in thylakoids isolated from in vivo water stressed leaves. These observations were confirmed by the results of Govindjee et al. (11) and Newton et al. (20) who observed a decrease in Chl a fluorescence emission of leaves as the water potential decreased.
However, recent studies (2, 16) of drought on in vivo fluorescence transients from cotton leaves. Indeed fluorescence induction is a difficult but powerful method of determining the functioning of photosynthesis in vivo (for a critical review, see [18] ). We tried to distinguish between direct effects of water stress on photosynthetic apparatus and damage caused by photoinhibitory processes occurring under these conditions (3, 24) . Plants were for this purpose grown at low PFD.2 MATERIALS AND METHODS Plant Material. Cotton plants (Gossypium hirsutum L., cv Reba) were grown on a mixture of vermiculite and peat in 2-L pots in a controlled growth room. Conditions were: photoperiod, 14 h; day temperature, 25°C; night temperature, 20°C; RH, 65%; PFD, 300 ,mol quanta m-2s-' in case of cotton, 100 in case of Nerium oleander provided by a bank of metal halide lamps; in some experiments (Table IV) Plant Physiol. Vol. 83, 1987 by water stress. The main effect of drought is a slowdown of Fp to F, decline which occurs at water potential lower than -10 bars.
These variations versus the water potential are presented in Figure 3 which shows in addition that water stress induced variations of fluorescence induction are completely reversible by rewatering the plant.
As Fo to Fp induction at high PFD is unchanged by drought, it can be concluded that the reduction by PSII of its acceptor pool is insensitive to water stress. Table I shows that characteristics of 685 nm fluorescence induction of dark adapted leaves in the presence of DCMU is unaffected by drought; these data confirmed that PSII photochemical conversion as well as charge recombination are insensitive to drought. As the DCMU infiltration is performed with an aqueous solution and as drought effect on plant is reversible, 77 K fluorescence inductions have been measured at 695 and 735 nm. The results are presented in Table   3 .0 
I~~~~~~~2
.0 Ft-3
1.8~~~~~~r ise time2
1.6- FV2 IF,2 and a decrease of q(P) which indicate an increase in reduced QA. It induces also a slight increase of q(nP).
One of the main causes of q(nP) is the acidification of the inside face of the thylakoid membrane due to the photoinduced ApH (18) . As ApH increases, the reoxidation of plastoquinones by PSI is restrained in an almost logarithmic relationship (8, 12) . Then even a small increase by drought of q(nP), if it is due to an increase of ApH, could enhance the concentration in reduced QA.
Another possibility is an inhibition by water deficiency of the intrinsic rate of electron flow. The rate of partial photosynthetic electron flow in uncoupled thylakoids isolated from stressed or nonstressed leaves have been measured. The results reported in Table III show that there is no inhibition of PSII, whereas PSI mediated reduction of MV is diminished by 26%. These results are in agreement with those obtained by fluorescence in leaves, i.e. no inhibition of PSII electron flow and a decrease of the reoxidation of PQ by an inhibition of PSI mediated electron flow. If these data are compared to decrease of Fv2 1F12 presented in Figure 4 , the two variations are qualitatively consistent.
The data shown here indicate that water stress induces a slowdown of photosynthetic electron transport after PQ but does not affect H20 to PQ, PSII mediated electron flow. Particularly, we did not observe inhibition of the water donation to PSII in contrast to Govindjee et al. (11) on Nerium oleander plants.
Their conclusion was based on a lowering of Fp/Fo fluorescence ratio (same as normalized F,) during drought. As shown in Table   IV , we were not able to reproduce this result with this same species when it is grown under low PFD (100 ,umol quanta m-2s_'). In our hands, responses ofN. oleander and cotton plants to drought were very similar at low PFD. However, under high PFD conditions of growth (1200 Mmol quanta m 2s-'), we found the same lowering of Chl a fluorescence level as did Govindjee et al. (11) in N. oleander plants. In contrast, in cotton, F, increases with drought as in low PFD (Table IV) .
Bjorkman and Powles (3) had also shown an interaction between light level intensity and water stress on N. oleander. Indeed, they showed that plants grown under full daylight and dehydrated under shaded conditions retained levels of 77 K 695 nm fluorescence during drought, while the same plants exposed to full daylight during stress exhibited a progressive decrease of this fluorescence with declining leaf water potentials. They demonstrated that the inactivation observed under full light was very similar to photoinhibition which took place when leaves of well watered N. oleander plants, grown under a lower light regime, were exposed to full daylight. They concluded that this was due to an impairment of the primary photochemistry associated with PSII and not to an inhibition of the donor side of this photosystem for water potentials not lower than -30 bars. As shown in Table IV , with N. oleander this interaction between light and water stress also exists after acclimation to the PFD level used during water stress treatment. In contrast, in cotton, 77 K fluorescence changes induced by drought are insensitive to light intensity of growth (see Tables II and IV) . Therefore, in cotton there was no interaction between water stress and PFD level under our experimental conditions. A similar conclusion was reached by Sharp and Boyer (25) on sunflower. In cotton the data shown point out specific effects of drought on photosynthetic processes independent of photoinhibitory effect.
Concerning studies on isolated thylakoids (4, 10, 17, 21, 27), we believe that the contradictory data could also result from poor extractibility of functional chloroplasts from leaves.
In cotton, possible causes of the drought induced slowdown of electron flow subsequent to PQ could be direct impairment of electron transport from PQ via PSI, and indirect inhibition due to a lack of reducing power utilization and of dissipation of the light induced proton gradient in relation to stress induced changes of carbon metabolism and gas diffusion pathway. Although Dietz and Heber (9) have reported that, at a high PFD, an increase of the energization of thylakoids occurred during a (6) and/or in a Mehler reaction (13, 14) . It could also be a substrate for ribulose 1.5 bis-P oxygenase (19, 22) . Indeed, Bradbury et al. (6) (15) , the relative insensitivity of cotton photosynthesis to photoinhibition using the hypothesis offered at present on the causes of such photoinhibition (22, 24) .
